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The cutaneous aerobic bacterial flora was monitored during the course of experimental 
dermatophyte (ringworm) infections on the forearms of 9 volunteers. Micrococcaceae were 
identified by the new Baird-Parker classification with the aid of a replica-plating technique. 
There were significant differences in total populations but not. in kinds of flora compared with 
control (opposite) forearms. The proportion of penicillin-resistant microorganisms, however, 
increased during the infection, to a degree which varied as to individual. All coccal groups 
were affected; resistant flora diminished when the fungus was no longer detected. 
Staphylococci were more frequently isolated than micrococci on infected areas, but 
Staphylococcus aureus was not found. Trends toward hierarchies in persistance and 
quantities were observed among the flora, with Staphylococcus subgroups n and IV 
dominating the infected sites. On both areas almost all diphtheroids were nonfluorescent, 
lipophilic, and lipolytic. One subject consistently carried Bacillus firmus; another's normal 
microbiota contained Alcaligenes faecalis. 
The ability of many dermatophytes to produce 
penicillin-like substances is of clinical significance. 
Besides providing a selective pressure for the 
antibiotic resistance of proximal bacteria, the 
fungal product has been linked with the increased 
penicillin hypersensitivity of the host [1]. Almost 
all studies of the interactions of dermatophytes 
with normal cutaneous flora have been in vitro 
[2-5] and have been concerned mainly with antag-
0nism. Hardly anything is known about the in vivo 
interrelationships. The few investigations that 
have been conducted were of a qualitative, clinical 
nat ure [6,7] or were also generally restricted to 
antibiotic production [4,8]. 
In this report we present a quantitative investi-
gation of the ecologic influence of dermatophytes 
on human aerobic flora. 
MATERIALS ASD METHODS 
Volunteers were screened for atopy by history and 
epicutaneous tests of common inhalant allergens, had 
examinations, and were cultured for fungus routinely 
on the 4th toe-web and at suspected areas. Nine young, 
immunologically normal and ringworm-free males were 
deemed suitable for this and other concurrent experi-
ments. They used the same nongermicidal soap (Ivory) 
for 7 days before and throughout the infection and 
observation periods. Subjects were instructed to avoid 
washing the test sites the morning of sampling. 
Approximately 5 and 300 spores of Trichophyton 
mentagrophytes var. granu/osum were applied respec· 
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tively to two sites on the subject's volar forearm in the 
manner described by Reinhardt, Allen, Gunnison, and 
Akers (9J. From a previous experiment we had deter-
mined that the wet, occlusive dressing used in the model 
caused a 10' increase of the flora. Because it required at 
least 7 days following occlusion for the ba<:terial popula-
tion to return to normal levels, sampling began on the 
10th day of the study. Thereafter, every 4 or 5 days for 
one month we obtained specimens from the same infected 
site. Dermatophyte test medium (DTM) [10] Rodac 
plates were used to determine the presence of Trichophy-
ton. The opposite forearm served as a control. Further-
more, since each individual was subsequently tested with 
trichophytin, the sampling of the positive, delayed-
hypersensitive site acted as an inflammation controL 
The method for sampling the bacterial population will 
be described in detail in another report. In brief, a 
linear-friction machine with a blunted, stainless steel 
spatula scrubbed a 1.5 x 1.5 em area of the skin a total of 
100 strokes using the buffer of Williamson and Kligman 
[11]. After appropriate dilutions. the samples were inocu-
lated onto Trypticase Soy Agar plates and incubated 
aerobically at 35 c C. With the aid of a velveteen template, 
colonies ;ere replicated onto carbohydrate. phosphatase, 
and MacConkey aglll'S for identification. In addition. 
replicas were impressed upon Trypticase Soy Agar plates 
with 20, 100, and IOOO U/ml penicillin G in order to 
monitor the development of penicillin-resistant flora. 
The taxonomic schemes of Baird·Parker [12,13] and 
Somerville (14J were employed. 
RESULTS 
Upon removal of dressings we observed that all 
high -dose applications had initiated multifocal 
infections, the course of which varied widely. 
Generally, the small, erythematous, sometimes 
vesicular, papules gradually spread to confluency, 
and after a short period of intense inflammation 
slowly healed. One subject, SB, displayed a vigor-
ous immunologic reaction and quickly rejected the 
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infection. The subject developed a large scab and 
was eliminated from the study. The inflammation 
of DC slowly faded, his skin returning to a normal 
and dermatophyte-free condition after 3 weeks. On 
the other hand, HA and DB were still culture-posi-
tive and symptom-positive for Trichophyton at day 
43. 
When the bacteriologic data of all volunteers 
were viewed as a whole, several generalizations 
could be made. By analysis of variance, differences 
in average total populations of control and infected 
sites were statistically significant (Fig. 1). How-
ever, we should note that the high numbers of the 
infected areas may have been a result of residual 
hydration, release of serum, or furuncle discharge. 
No difference in the kinds of flora were seen but, 
compared to controls, staphylococci were more 
frequently isolated on infected areas (p < 0.02). 
Staphylococcus subgroups II and IV were the 
dominant flora by persistance and total numbers. 
With but one exception. we did not find any 
streptococci, Staphylococcus aureus, or En-
terobacteriaceae on either arm. Total and sub-
group counts tended to oscillate over the observa-
tion period. Diphtheroids were mainly nonfluores-
cent, lipophilic, and lipolytic on both test and 
control sites. They tended to have an inversely 
proportional relationship with staphylococci, in-
creasing with a reduction of the cocci. The percent-
age of penicillin-resistant microorganisms was ob-
served to increase during the infection and de-
crease once the dermatophyte was no longer pres-
ent (Fig. 2). All groups of cocci were affected. We 
did not notice any difference in flora between the 
inflamed skin test site and the normal control site. 
Some interesting phenomena were noted from 
the perspective of the individual. JC continuously 
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carried Micrococcus subgroup 7 on the infected 
area but intermittently so on the control arm. This 
was also the dominant type by total colony-form-
ing units (CFU). Staphylococcus subgroup IV held 
the same position for DC, dropping well over 10' 
CFU and returning almost the same amount. The 
only persistent bacterium for DS was Staphylococ-
cus subgroup II, which ascended and then de-
scended over 10' CFU on the infected site. In every 
sample from HA's control and infected arms we 
found Bacil/is firmus. This microorganism ac-
counted for the bulk of his penicillin-resistant 
flora. Again Staphylococcus subgroups II and IV 
persisted on the infected site only; however, the 
dominant flora by total CFU were Bacillis firmus 
and Micrococcus subgroup 1. Whereas the latter 
was the most persistent type found on the control 
arm of JF, Staphylococcus subgroup IV was the 
most frequently detected on his infected arm. He 
also carried Alcaligenes faecalis on both sites 
(Tab.) 
DISCUSSION 
Contrary to our data, several investigators have 
reported the increased presence of diphtheroids, 
streptococci, and Staphylococcus aureus with der-
matophyte lesions. Marples and Bailey [6] sug· 
gested that this staphylococcus may have a role in 
the clinical symptoms of the disease since asymp-
tomatic carriers of the fungus harbor normal levels 
of the bacterium. They did not regard the staphy-
lococcus as a secondary invader, for there were no 
complications to the tinea. Dao [8] noted the 
predisposition of extensive ringworm for inhahita-
tion and complications by Staphylococcus aureus 
and streptococci. In a guinea-pig model Smith and 
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FIG. 1. Total aerobic flora on dermatophyte-infected and control sites. Sampling of skin test site on day 47. 
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FIG. 2. Proportion of penicillin-resistant flora during course of dermatophyte infection. 
Marples [4] also observed a greater incidence of 
Staphylococcus aureus and streptococci. 
Our failure to find these pathogens does not 
necessarily conflict with the aforementioned work, 
for should Staphylococcus aureus be presented to 
the fungal site, it might possibly establish itself 
successfully. In both human studies the infected 
area was the interdigital space of the foot. The 
normal, exposed, and dry forearm infrequently 
supports the growth of streptococci and Staphylo-
coccus aureus. This feature is perhaps reflected in 
the work of Wallerstrom [8] who sampled the flora 
of 37 ringworm patients, of which 7 suffered tinea 
pedis. Only 5 patients carried Staphylococcus 
aureus on their lesions_ 
That certain dermatophytes could produce a 
penicillin-like substance on skin was demonstrated 
by Uri, Szathmary, and Herpay [5]. When biop-
sied, normal and infected rabbit skin was placed 
on a lawn of Bacillus subtilis, they observed zones 
of inhibition only around the infected tissue and 
were able to neutralize the effect with penicilli-
nase. Whereas we determined the proportion of 
resistant flora, Smith and Marples [4] tested the 
penicillin sensitivity of a phage-typed Staphylo-
coccus aureus from infected and normal guinea 
pigs. A fourfold increase in minimal inhibitory 
dose was noted with the progress of the ringworm. 
Using another approach, Wallerstrom [8] selected 
only 3 to 10 colonies from each of 29 patients with 
Epidermophyton infections and found an increase 
in resistance in 17 cases. This compared to 4 of 22 
control subjects. Of interest were his observations 
that the frequency of altered penicillin sensitivity 
was the same in small or large lesions and that 
there was no significant difference in frequency or 
resistant strains between acute and chronic cases. 
Although he did not consider that spreading of 
resistant flora from the infected site occurred, the 
data, nevertheless, do not eliminate the possibil-
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TABLE. Example of quantitative data obtained by replica-plating method (colony-forming units!cm') 
10 15 19 
Infected site 
Staphyloc(){Ocus 
II 
I 
<4 1.8 x 10' <4 
III <4 4.4 x 10' <4 
IV 1.2 x 10' 2.2 X 10' 104 x 10' 
VI 44 <4 13 
Microc(){Ocus 
I 1 1.3 x 10' <4 8.9 3 <4 <4 4.4 
7 I 5.3 x 10 , <4 <4 
Alcaligenes faecalis 44 <4 18 
Diphtheroid 
I 1.3 x 10' 3.1 x 10' 22 
II <4 <4 <4 
III 44 6.2 X 10' 31 
VIII <4 <4 <4 
Control site 
Staphylococcus 
II 4.4 8.9 
IV <4 27 
VI 4.4 <4 
Micrococcus 
4.4 13 
3 <4 <4 
7 13 <4 
Alcaligenes faecal is 18 <4 
Diphtheroid 
I <4 <4 
III 4.4 <4 
VIII 4.4 <4 
a Positive skin test. 
ity; in fact, they even suggest it. The problem 
perhaps was in his selection of distant and dissimi-
lar sampling sites. In one instance a resistant 
strain was present on the opposite foot. Append-
ages, such as forearms, have many opportunities to 
touch and, thus, permit transference of flora. Our 
results also indicate that resistant flora may spread 
to normal areas. A slight increase in the proportion 
of resistant bacteria is eventually seen in most 
control 'si tes. 
We were surprised to find the relatively high 
percentage of flora which was resistant to 100 
and even 1000 V of penicillin, since previous 
studies had dealt with concentrations of under 50 
JLg/ml (about 80 Vim!). Smith and Marples noted 
that Staphylococcus aureus strains from infected 
sites could not be inhibited with about 40 VIm!' 
Our data, achieved by the replica-plating tech-
nique, overcome the token selection of representa-
tive colonies and clearly show the extensive effect 
of dermatophytes upon the antibiotic sensitivity of 
accompanying flora. Ringworm lesions may be an 
important reservoir for penicillin-resistant strains 
Day 
24 29 32 43 47" 
8.9 <4 <4 <4 
<4 33 <4 <4 
<4 8.7 x 10' 1.5 x 10' 8.9 
<4 11 <4 <4 
<4 <4 <4 8.9 
<4 <4 <4 <4 
44 <4 <4 2.1 x 10 , I 
1.6 x 10' <4 <4 93 
4.4 <4 <4 <4 
4.4 44 <4 <4 
<4 <4 4.4 13 
<4 <4 <4 13 
<4 <4 <4 
67 22 18 
57 <4 <4 
1.0 x 10' 22 53 
<4 <4 8.9 
1.9 x 10' 49 49 
57 22 <4 
22 <4 8.9 
1.0 x 10'[ <4 18 
<4 <4 <4 
of pathogenic or opportunistic staphylococci and 
micrococci. 
We thank Major Joseph H. Greenberg, M.D., for 
providing medical support and conducting the infection, 
and Colonel William A. Akers, M.D., for his helpful 
criticism. 
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